Transcriptional regulation of the human CYP2A6 gene.
Nicotine C-oxidation is primarily catalyzed by CYP2A6 in humans. This enzymatic activity exhibits a large interindividual variability, which to a great extent is caused by genetic polymorphisms in the CYP2A6 gene. There are large interindividual differences in CYP2A6 mRNA and protein levels, but little is known about the transcriptional regulation of CYP2A6, which can, e.g., explain such differences. Using transient transfections of 5'-deleted CYP2A6 promoter constructs in human hepatoma B16A2 cells, we show that maximal promoter activity was harbored in the sequence spanning from -112 to -61. Putative response elements for the transcription factors hepatocyte nuclear factor-4 (HNF-4)alpha, CCAAT-box/enhancer binding protein (C/EBP)alpha, C/EBPbeta, and octamer transcription factor-1 (Oct-1) were identified in this region, and electrophoretic mobility shift assays showed that these transcription factors bind to the predicted elements. To determine the relevance of these sites, expression vectors for these transcription factors were cotransfected with CYP2A6 promoter constructs in HepG2 cells. HNF-4alpha, C/EBPalpha, and Oct-1 exerted an activating effect, whereas overexpression of C/EBPbeta reduced CYP2A6 promoter activity. To confirm the importance of these sites in vivo, mutated CYP2A6 reporter constructs were injected into mouse liver. Mutation of either HNF-4 or C/EBP-Oct-1 motifs significantly decreased promoter activity, 52 and 26% of wildtype, respectively, whereas when both motifs were mutated the activity in mice decreased to 14% of wild type. In conclusion, the data indicate that the constitutive hepatic expression of CYP2A6 is governed by an interplay between the transcription factors HNF-4alpha, C/EBPalpha, C/EBPbeta, and Oct-1. These results will be important for the identification of new polymorphisms affecting CYP2A6 gene expression.